We report a 28-year-old 
Introduction

Chronic granulomatous disease (CGD) is a rare inherited immunodeficiency disorder, caused by a complete lack of or significant decrease in the production of microbicidal reactive oxygen metabolites (ROM) due to a defective phagocytic NADPH-oxidase (1). Approximately 70% of CGD patients have X-linked CGD caused by mutation of the CYBB gene that encodes gp91
phox . For many years the onset of Xlinked CGD was thought to occur early in infancy in man patients, with a fatal outcome in adolescence due to recurrent severe bacterial or fungal infections. However, late onset cases of X-linked CGD have been recently reported in some adult woman (2) (3) (4) . While it has been assumed that the late onset of woman X-linked CGD could be associated with age-related skewing of lyonization (2) , the detailed mechanism of onset in adult woman patients remains obscure. Here, we report a woman patient with adult onset Xlinked CGD caused by a de novo mutation in the paternalorigin CYBB gene and skewed inactivation of normal maternal X chromosome.
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the age of 27, she suffered from refractory subcutaneous ulcerative abscess in the left inguinal region and hip (Fig. 1A) . Despite therapy including oral antibiotics and draining, the abscess still persisted 10 months after onset. (Fig. 1B) 
Skin biopsy was performed at the hip abscess and the histopathology revealed granulomatous formation and severe infiltration of plasma cells and lymphocytes, indicating the presence of chronic inflammation
Materials and Methods
DNA sequencing of CYBB
Detection of X-chromosome inactivation at the HU-MARA locus
After informed consent was obtained from the patient and her mother, DNA was purified from neutrophils. Using the assay of human androgen receptor (HUMARA) locus involving a methylation-specific polymerase chain reaction (M-PCR) technique (6), an X-inactivation pattern based on the ratio of the maternal inactive X to the paternal inactive X was evaluated in the neutrophils of the patient and her mother. Another X-inactivation pattern based on the ratio of the maternal active X to the paternal active X using specific primers for the unmethylated allele was also evaluated.
Results
The direct DNA sequencing of CYBB gene in both the leukocytes and the buccal epithelial cells revealed that our patient was heterozygous for a nonsense mutation, 618 G A in exon 6, 206 Trp(TGG) stop(TGA) (Fig. 1D) , showing that she was a carrier of CYBB gene mutation.
The assay in the HUMARA locus revealed that the maternal allele was inactivated in the patient, but activated in the patient's mother (Fig. 1E) . The paternal allele was activated in the patient (Fig. 1E) . The ratio of the paternal active X to the maternal active X was skewed at 93:7 (Fig. 1E) . This lyonization ratio corresponded well to the observed phenotype of only 7-9% of normal neutrophils in the patient. (6) (10) . To date, the presence of adult onset X-linked CGD has been reported in only 3 woman patients (2) (3) (4) . The precise mechanism by which the disease occurs in adults remains unclear but a positive correlation was observed between age and degree of skewing in X-inactivation (11) . Indeed, age-related skewing was revealed in one adult woman CGD patient (2) and therefore, the late onset in woman CGD carriers including the present patient could be explained by this age-related skewing of lyonization.
Discussion
Based on the results of the DNA sequence analysis, a diagnosis of adult onset X-linked chronic granulomatous disease was made. The assay of HUMARA locus
Although a de novo mutation of the CYBB gene was revealed in two patients (4, 12) 
